Breast lymphomas comprise a rare group of malignant breast tumors. Among these, a new entity has emerged as a potentially underdiagnosed disease. Breast implant-associated anaplastic large cell lymphoma (BI-ALCL) most often manifests as a late periprosthetic effusion between 1 and 10 years after the implantation of silicone or saline-filled breast prostheses. BI-ALCL is an anaplastic lymphoma kinasenegative T-cell lymphoma that has a distinctively different clinical course than other breast lymphomas or ALCLs. Diagnosis is based on aspiration of the effusion around the implant and CD30 positivity of the sample. Every periprosthetic effusion after breast augmentation or reconstruction using implants should be considered as potential BI-ALCL until proven otherwise. The majority of cases at diagnosis are in the in situ stage, i.e., confined to the lumen around the prosthesis. Most patients have an excellent prognosis when complete removal of the capsule and prosthesis with negative margins is achieved surgically. Some patients, however, develop infiltrative disease with a potentially life-threatening clinical course. Treatment planning regarding the extent of surgery and role of adjuvant therapy, especially in advanced cases, requires further investigation.
Introduction

Anaplastic large cell lymphoma (ALCL) and its subtypes
Anaplastic lymphoma kinase (ALK)-negative ALCL is a rare CD30-positive lymphoma, accounting for only 2%e 3% of non-Hodgkin lymphomas and 12% of T-cell lymphomas. ALK-negative disease comprises 15%e50% of all ALCL cases. Morphologically, it is similar to ALKpositive ALCL, except for the anaplastic lymphoma kinase staining. This entity, when not connected with breast implants, is usually diagnosed in patients 55e60 years of age and more often in males, usually in stage IIIeIV, with B-symptoms, a high International Prognostic Index (IPI) score, and an aggressive course.
1 Systemic ALKnegative ALCL is more common in Europe than in North America or Asia. 2 The overall prognosis in these cases is poor, with a 5-year overall survival of 30%e49% despite a standard CHOP (cyclophosphamide, doxorubicin, vincristine, prednisolone) chemotherapy regimen. The addition of etoposide to the CHOP regimen (CHOEP) has improved the outcome. 1 Although the risk factors of this disease are not clear, autoimmune disorders, celiac disease, and psoriasis are associated with an increased risk. 3 
Primary lymphomas of the breast
Breast lymphomas are very rare. 4e6 The incidence of breast lymphoma is 0.04%e0.5% of all breast malignancies and approximately 1.7% of all extranodal non-Hodgkin lymphomas. 7 Not all breast lymphomas are ALCL; in fact, approximately 90% of primary breast lymphomas are of B-cell origin. Follicular lymphoma, lymphoplasmacytic lymphoma, mycosis fungoides, and S ezary syndrome have also been diagnosed in association with breast implants.
8e10
Breast implant-associated ALCL Silicone gel prostheses have been used for esthetic operations since 1962 and, according to some estimates, over 10 million augmentations with implants have been performed to date. 11 The first case of BI-ALCL was reported in 1997. 12 Since then, there have been several other case reports and series, 7,13e45 with the largest series of 173 patients gathered from around the world and published by Brody et al. 20 The actual lifetime risk of developing BI-ALCL is yet to be confirmed but, based on the number of published cases in the US and other countries, the estimated risk is 18.2e67.6 times higher among women with breast implants compared with women without implants that develop breast ALCL. Furthermore, 1 in 500,000e3,000,000 women with implants per year are estimated develop BI-ALCL. 7, 32, 46, 47 This may be an underestimation of the risk, however, as more cases with late seromas are being investigated due to the increasing awareness of BI-ALCL.
Several risk factors are suggested, but a clear understanding of the underlying causes remains unclear. The presence of a subclinical biofilm on the implant surface, capsular contracture, repeated capsular trauma, genetic predisposition, or an autoimmune etiology have been theorized. 2 A direct/indirect immunologic response, direct toxic damage from the silicone components, or both have also been hypothesized. 46 BI-ALCL appears to have two distinctively different pathologic entities. The more common is in-situ disease, which is confined within the seroma, i.e., periprosthetic effusion around the breast implant, or on the inner layer of the capsule surrounding the implant. In situ disease does not manifest as a palpable breast mass or tumor, and is often misinterpreted as a benign seroma due to subclinical infection. A smaller portion of patients present with an infiltrative disease course, with a tumor growing through the capsule or outside of it, forming a palpable breast mass with or without periprosthetic effusion. BI-ALCL with lymph node involvement and no breast mass has also been described. 42 Infiltrative disease, with or without lymph node involvement, is associated with a significantly worse prognosis, with disease-related mortality as high as 40% in 2 years. 48 Ann Arbor staging is currently most widely applied. 48 The most common stage at diagnosis is IE (61%). 49 In the systematic review reported by Gidengil et al. in 2015, however, 11% of cases were stage IIE with axillary lymphadenopathy. 49 Only rarely was BI-ALCL disseminated (stage IV in 3%). 49 Recently, a TNM classification was proposed (Table 1) . 50 This staging differs from the commonly used Ann Arbor staging and appears to predict overall survival more accurately than the Ann Arbor system. Moreover, BI-ALCL seems to behave more similarly to other breast malignancies than to lymphomas with regard to the treatment, including surgical excision, and the clinical course of the disease. 51 
Diagnosis of BI-ALCL
BI-ALCL can present as a late periprosthetic effusion, an effusion in combination with a palpable mass, a breast mass alone, or without a seroma or mass and only detectable lymph node involvement. The most common manifestation, however, is late effusion (48%e70%) and cytology reveals ALCL-positivity in 79% of cases. 32, 52 Effusion volumes can range from 20 to 1000 cc and the fluid is typically viscous. The median time to ALCL after implantation is 9 years (range, 1e32 years). 32 In 17%e31% of cases, a mass in the breast is documented, with a mean size of 3.5 cm. 52, 53 The surrounding capsule may be thickened and fibrous or completely normal. 2 Other local symptoms may include pain (21%), redness (14%), capsular contracture (7%), skin lesions (7%), and fever (7%) 16, 32, 51 Imaging findings BI-ALCL shows no specific signs in imaging. In most cases, the indication for breast imaging is delayed (>1 year) periprosthetic fluid collection (Fig. 1) , followed by a capsular mass, and in 1 of 8 cases, lymphadenopathy. 2 Mammography is often the first method of choice to study a symptomatic breast. Adrada et al. reported imaging studies of 44 BI-ALCL patients and found that the sensitivity/specificity of mammography for detecting an abnormality is 73%/50%, but mammography does not distinguish if the abnormality is fluid or a mass. 13 Very often, effusion within the capsule is the only imaging finding in BI-ALCL. 27, 31, 34 Ultrasound and magnetic resonance imaging (MRI) are the best imaging modalities for detecting effusion; the sensitivity/specificity of ultrasound for detecting effusion are 84%/75% and of MRI, 82%/ 33%; the sensitivity/specificity of computed tomography (CT) are 55%/83% and those of positron emission tomography (PET) or PET-CT are 38%/83%. 13 The sensitivity of these imaging methods for detecting a mass lesion is 46% (ultrasonography), 50% (MRI), 50% (CT), and 64% (PET/PET-CT). 13 Lymphadenopathy can be seen in ultrasound, MRI, CT, or PET-CT. 13, 42 In routine practice, mammography reveals abnormalities and ultrasound distinguishes fluid from a mass. Ultrasound has the added benefit of being readily available for image-guided aspiration of the fluid for diagnosis. Histological sample is recommended when a solid mass is detected.
2 MRI is recommended when ultrasound is inconclusive. 54 In the case on lymphoma diagnosis, preoperative body-CT is indicated for staging and PET-CT has the added value as a problem solving method (see Table 1 ).
Pathology
Cytologic analysis is crucial for diagnosis. All cases of late periprosthetic effusion should be screened for BI-ALCL. In these cases, aspiration is indicated, and pathology examination should first and foremost exclude ALCL by staining for CD30. 2 A biopsy is not recommended as the first step, but in cases in which implant removal is performed, the gross and histopathologic examination of the capsule for possible ALCL is pertinent for diagnosis and detection of infiltrative growth. Similarly, if lymph node enlargement is detected, an excisional biopsy of the enlarged lymph nodes is recommended for further pathologic examination. Fresh, unfixed abundant cytologic (e.g. whole aspirate) or tissue specimens are recommended for pathology to enable full chromosomal and immunophenotypic analyses. Cytologic diagnosis is based on identification of large pleomorphic lymphoid cells ( Fig. 2a) with characteristic immunophenotype by flow cytometry and immunohistochemistry. Histopathology may demonstrate BI-ALCL as individual cells, cell clusters in aggregates, or coherent sheets lining the capsule surface, or an infiltrative phase. 55 Neoplastic cells are CD30 positive (Fig. 2b ) with frequent co-expression of EMA and incomplete cytotoxic T-cell phenotype (CD4 þ 80%e84%, CD43 þ 80%e 88%, CD3 þ 30%e46%, CD45 þ 36%, and CD2 þ 30%). Expression of CD5, CD7 or CD8 is rare. 43 ALK staining is consistently absent.
2 CD15 and PAX-5 may be positive, Figure 1 . Breast MRI, 3T. T1 fat saturated sequence with contrast media.
On the left side, the fibrotic capsule is thickened and enhances with gadolinium and there is excess of periprosthetic fluid. The silicone implants are intact on both sides. which can cause differential diagnostic problems to classical Hodgkin lymphoma especially in the infiltrative BI-ALCL subtype. T-cell receptors are often rearranged. Nuclear pSTAT3 expression is common, suggesting a constitutive activation of STAT3. 48 
Treatment
In contrast to lymphomas, BI-ALCL is often curable with surgery alone. The mainstay of treatment is complete removal of the prosthesis and the capsule with negative margins (Fig. 3) . In infiltrative cases (T3e4), the extracapsular mass should also be excised with negative margins. If there is lymph node involvement at the time of surgery, the affected lymph nodes should be removed according to current understanding. 51 Due to the limited number of patients treated with lymph node clearance for locoregional disease, however, the role of lymph node clearance remains unclear. Lymph node involvement seems to be widespread to the nearby lymph node basins, and sentinel node biopsy is currently not recommended as part of treatment. When complete removal of the disease and implant is performed, 6%e11% of patients experience a recurrence. 51, 52 The presence of a breast mass or lymphoma that spreads beyond the capsule may indicate a more aggressive clinical course. 2, 48 The rate of events is 2.6-fold higher for stage II disease and 2.7-fold higher for stage III disease compared to stage I disease. Among patients with proper surgical excision, the rate of events is 0% for T1eT2 patients and 14.3% for T4 patients. 51 The median overall survival is 12e13 years. 32, 51 Overall survival and progression-free survival are similar, whether or not patients receive chemotherapy after surgery. 32 Surgeons together with the patient should also consider removing the contralateral implant, as BI-ALCL is bilateral in 4.6% of patients. 50 Implantation of a new breast prosthesis is not recommended after BI-ALCL has been diagnosed.
When chemotherapy alone is used, relapse occurs in 54.5%. Thus, systemic chemotherapy alone is not sufficient for this disease, contrary to other lymphomas. In advanced cases, chemotherapy should be considered. The most common protocol is the CHOP regimen, and the addition of etoposide (CHOEP) improves the outcome. 1 National Comprehensive Cancer Network guidelines recommend CHOP with a 14-or 21-day interval or CHOEP for the treatment of systemic disease. 54 CHOEP is more toxic and cannot be used in most cases in the elderly. The guidelines also suggest dose-adjusted-EPOCH (etoposide, prednisolone, vincristine, cyclophosphamide, doxorubicin), but this has only been studied in the treatment of AIDS-associated anaplastic large-cell lymphoma. The implant and its capsule together with the old subglandular capsule were removed en bloc in the operation, which yielded negative margins, as the tumor was confined to the periprosthetic effusion around the implant (T1N0M0, Ann Arbor IE). The patient received no additional treatment according to the current protocol 51 and at 6-month postoperative follow-up with breast MRI, regional lymph node ultrasound and clinical examination there was no sign of recurrence of the disease.
STAT3-positivity suggests a potential role for etoposide in the treatment of advanced cases of BI-ALCL.
1,48 STAT3 can also be regulated by histone deacetylase inhibitors, particularly panobinostat, romidepsin, vorinostat, and belinostat. These drugs induce histone acetylation, resulting in growth arrest, cellular differentiation, and apoptosis. Panobinostat, romidepsin, and vorinostat are currently being used in phase I and II studies to treat all anaplastic large cell lymphomas among other lymphomas, but most of the results have not yet been reported. These drugs have been studied alone or in combination with everolimus, bortezomib, lenalomid, and chemotherapy combination of ifosfamide, carboplatin, and etoposide (ICE), and alisertib. 57 Some of the phase I/II studies have been published; one of them, however e a report of the combination of vorinostat, lenalidomide, and dexamethasone e included only one case with anaplastic large cell lymphoma. 58 Radiotherapy is recommended for the treatment of local residual disease that cannot be surgically resected. 54 The common lymphoma radiotherapy dose of 30.6 Gy in 17 fractions is reported to have good results. 24 Historically, there are very few treatment choices for relapsed ALK-negative lymphoma. Pralatrexate, an antifolate agent, and romidepsin, a histone deacetylase inhibitor, have been used. In phase II studies, both agents demonstrate response rates of less than 30% and complete response rates of less than 15%. 59, 60 Currently, the most commonly used treatment and the only globally approved salvage treatment is the anti-CD30 antibody conjugate brentuximab vedotin. This drug delivers the potent antimicrotubule agent monomethylauristatin E to CD30-positive malignant cells. Among ALK-negative patients, the response rate is 88% and the complete response rate is 52%. The median duration of the response is 12.6 months and incomplete responders, 13.2 months. 61 Some BI-ALCL patients have undergone autologous stem cell transplantation, 48 but the long-term results have not yet been reported. In one reported series, eight systemic ALCL patients underwent allogeneic transplantation after brentuximab vedotin, and half are in remission. 62 
Prognosis and follow-up
The prognosis of the disease mostly depends on the aggressiveness of the disease at the time of diagnosis. After complete surgery, relapse occurs in 6%e11% of patients during the first year. 51, 52 All relapses after any kind of therapy occur within the first 3 years. 50 In one series, local relapse occurred in 36% of cases and distant relapse occurred in the remaining 64%. 48 Median progressionfree survival in BI-ALCL with a mass is 1.8 years, while it is not reached in patients without a mass. 32 At the present time, only the National Comprehensive Cancer Network has published a recommendation for follow-up. 63 If complete excision with no residual disease is achieved, clinical follow-up should be done every 3e6 months for 2 years, and thereafter as clinically indicated. CT or PET-CT can be performed every 6 months for 2 years, and then as clinically indicated. 54, 63 No clear consensus exists on when to perform reconstructive breast surgery after BI-ALCL if needed.
Discussion
The number of reported BI-ALCL cases seems to be growing steadily. This article adds another case e the first patient diagnosed with BI-ALCL in Finland. The diagnosis of BI-ALCL is not straightforward, even in cases when it is suspected, as demonstrated by the case presented here. Not all laboratories are equipped to perform lymphoma diagnostics, and thus suspected cases with late seroma formation should be referred to a center with sufficient diagnostic capabilities. BI-ALCL should be suspected whenever a patient with breast implants presents with persistent seroma formation around the prosthesis, or with other signs, such as redness, swelling, pain, pruritus, or mass associated with the breast prosthesis.
BI-ALCL is currently underdiagnosed. Not all cases have been properly diagnosed, and not all diagnosed cases are reported in the literature. The United States Food and Drug Administration recommend reporting all BI-ALCL cases to the PROFILE-registry: www.thepsf.org/ PROFILE. Given the nature of in situ BI-ALCL, it is possible that cases with persistent periprosthetic effusion formation have been misdiagnosed as subclinical infections and treated by removing the prosthesis without testing the fluid for CD30 positivity. It is not well understood if in situ ALCL will progress without the irritation of the implant, or if it will remain dormant after implant removal. The growing awareness of BI-ALCL is likely to lead to better diagnostics, and we may see an increase in the number of BI-ALCL cases in the following years. For a clear picture of the magnitude of this clinical problem, epidemiologic studies are also needed.
Currently, the risk of developing a BI-ALCL calculated from known cases and the estimated number of breast implants used is 18.2e67.6-fold higher than that in patients without implants who develop breast ALCL. In the general population, this is a small number compared with other forms of breast malignancies. Although the overall risk of BI-ALCL is small, informed consent in breast augmentation and reconstruction with implants should include the risk of BI-ALCL and the patient should be educated about the signs of late periprosthetic effusion or other symptoms typical of BI-ALCL. 64 The cause of BI-ALCL is still largely unknown. From the implant point of view, a direct reaction to leaked silicone particles may have a role; second, the implant surface and the reaction of surrounding tissue to it seem to be important. Originally, the surface of breast implants was smooth until 1986, when McGhan and Mentor introduced textured silicone implants, with the exception of polyurethane-covered implants, that had been used since 1970. 65 The introduction of textured silicone implants aimed to reduce the number of capsular contractures encountered with smooth implants, and to avoid malrotation. 65 Doren et al. report that BI-ALCL has been diagnosed uniformly among patients with textured implants. 47 So far, this is perhaps the most convincing evidence supporting the hypothesis of BI-ALCL developing as a consequence of repeated trauma caused by the interaction between the rough implant surface and the inner layer of the capsule. Unfortunately, the implant type is not provided in all published cases, but not a single case with a known smooth implant with BI-ALCL has been published to date. 47 The tissue reaction to a smooth silicone surface differs considerably from that to a textured surface. The textured surface induces a prolonged giant cell reaction compared to the smooth implant surface. 65 Adherence of the implant to the capsule and repeated detachment due to minor trauma may cause irritation, T-cell proliferation, and formation of a late seroma. 46 Late periprosthetic effusion occurs in 35.4% of implants associated with BI-ALCL compared to 0.1% in overall augmentation. 66 Another suggested cause of BI-ALCL is chronic bacterial biofilm infection associated with an increased risk for capsular contracture. In both human and animal models, this results in increased T-cell proliferation, which Hu et al. hypothesized increases the risk of ALCL. 67 The number of animals developing more severe capsular contracture was small, however, and the specific role of bacteria remains unclear compared to the direct irritation from silicone particles dislodged from the implant surface, as seen, for example, in silicone wrist implants. 68 In another paper by Hu et al., a significant amount of bacteria was detected in both capsular contracture samples and ALCL samples, with a distinctively differing microbiome, showing Staphylococcus aureus in the non-tumor samples compared to Ralstonia spp in 26 ALCL samples, a bacteria that was previously associated with implant infection. 69 It therefore seems that bacterial contamination may contribute to ALCL formation, but more so to the formation of more commonly found capsular contracture without tumor growth. The role that chronic biofilm infection plays in BI-ALCL remains unclear, and there are probably several overlapping contributing factors involved in the process. Despite the lack of official guidelines, it is relatively certain that complete surgical excision of the capsule and the implant with negative margins is the most important part of the treatment. 51 In cases with extracapsular involvement, with or without lymph node metastasis, the prognosis is sharply worse. Even in those cases, surgical excision of the affected tissue is recommended. This is noteworthy, as other lymphomas are not treated surgically. In advanced cases, treatment protocols are the same as for other ALCLs, as outlined earlier in this paper. 1, 54 The growing body of evidence for BI-ALCL has raised ethical concerns regarding esthetic augmentations and breast reconstruction with implants. So far, the risk of developing a malignant tumor related to breast implants seems low, but the risk is still real and for those affected, the outcome is disastrous. The risk of BI-ALCL is likely still underestimated. It is reasonable to question whether breast augmentation with implants that may predispose the patient to malignant neoplasm can be considered ethical, and if so, should surgeons move toward choosing a smooth implant in the face of recent evidence pointing toward textured implants as a potential main causative factor? At the very least, informed consent should include the risk of developing BI-ALCL, and the patients must be educated about the signs and symptoms of the disease. The risk of BI-ALCL after augmentation mammoplasty is compared with the risk associated with orthopedic implants. This comparison is not feasible though, as augmentation is performed for purely esthetic reasons, thus avoiding this type of surgery does not lead to loss of function of any kind. Patients who are affected may later seek medicolegal compensation. For breast reconstruction, there are several options available for autologous reconstruction that may yield better functional and esthetic results compared to implant reconstruction. In recent years, primary breast reconstruction has moved toward implant reconstruction in many countries. The patients must be informed of the possible risks of developing BI-ALCL in association with implant reconstruction, and be offered a chance for autologous reconstruction as an option. After the diagnosis and treatment of BI-ALCL, it has been recommended, that only autologous reconstruction would be offered until further evidence is gathered. 70 Complete understanding of BI-ALCL requires further research. The cause of the disease is ultimately unclear, despite recent evidence. Many cases probably are unreported, and further epidemiologic studies are needed. The type of implant may be an important causative factor, but this needs to be further verified. Finally, professionals must be educated about the risks and management of future cases for timely diagnosis and treatment.
